Glucose in Potato Tubers. The formation of acrylamide (in potato chips) correlated with the glucose content in raw potato tubers, which increased during storage. Error bars represent standard deviations (n＝ 3). Three tubers stored under each condition were cut in half longitudinally, with 1 half used for chipping and acrylamide analysis, and the other for glucose analysis. Acrylamide in potato chips made from tubers stored at 2 or 209 C for two weeks after harvest was analyzed by GC-MS. The acrylamide level in the former chips was higher than ten times of that in the latter, which was highly correlated with both glucose and fructose levels in the tubers.
In April 2002, the National Food Administration of Sweden and the University of Stockholm announced the presence of acrylamide, a possible carcinogen, in foods cooked at high temperatures. 1, 2) As a result of high temperature cooking, potato-based food products, such as potato chips, contain higher levels of acrylamide than the other materials-based products, but the acrylamide level varies in a wide range among foods.
3) The big diŠerence in the level can not be accounted for clearly only by processing conditions. We focused on the components that are aŠected by storage conditions 4) of the tubers, such as reducing sugars and amino acids. As a study to discover factors which aŠect the formation of acrylamide, we tested the storage of raw potato at 2 or 209 C before cooking. Consequently, we found that the chips made from the tubers stored at a low temperature (29 C) contained high acrylamide levels, and the level was correlated with the level of reducing sugars in tubers, which changed during storage.
Potato tubers were harvested in Aug. 2002 or in Aug. 2001. The former tubers were cured for 1 week at 159 C in darkness. Then the tubers were stored at 2 or 209 C for two weeks in darkness. The latter tubers were cured for 1 week at 159 C and stored at 29 C for 1 year. Then, the levels of 20 free amino acids and sugars in tubers were analyzed by high-performance liquid chromatography, and the acrylamide level in potato chips, by gas chromatography with mass spectrometry. 3) Potato tubers (cultivar Toyoshiro) with similar weight and starch value were selected before chipping. Three tubers stored under each condition were cut in half longitudinally, with 1 half used for chipping and the other for component analysis. For chipping, 4 slices 1.3 mm thick were prepared from each of 3 tubers (total 12 slices). Slices were washed for 100 seconds in water and fried for 90 seconds at 1809 C in cottonseed oil.
The acrylamide level was more than 10 times higher in chips made from tubers stored at 29 C than those stored at 209 C. The diŠerences of acrylamide level between storage at 29 C for 2 weeks and for 1 year were relatively small. The acrylamide level was highly correlated with the glucose level in the tubers (Fig. 1) . The average levels of total amino acids in tubers stored at 209 C for 2 week, at 29 C for 2 weeks, and at 29 C for 1 year were 2161, 1941, and 3343 mg W g of fresh weight (g FW), respectively. The acrylamide level was little correlated with the average levels. Two groups 5, 6) have recently proposed a production mechanism of acrylamide in the thermally processed foods (Fig. 2) . Mottram et al. reported the temperature dependence of acrylamide formation from glucose with asparagine. 5) Stadler et al. reported the in‰uence of heating time on acrylamide formation from glucose with glutamine, asparagine, or methionine. 6 ) Then, we investigated the correlation of asparagine level in the tubers and acrylamide level in the potato chips.
The average levels of aspragine in tubers stored at 209 C for 2 week, at 29 C for 2 weeks, and at 29 C for 1 year were 748, 710, and 1002 mg W g FW, respectively in our study. The acrylamide level was little correlated with the average levels. Therefore it was hard to explain the over 10 times increase of the acrylamide level caused by the change of total amino acids or asparagine levels.
Fructose is contained in tubers as the main reducing sugar other than glucose.
7) It is known that fructose also causes the Maillard reaction with amino acids. The average levels of fructose in tubers stored at 209 C for 2 week, at 29 C for 2 weeks, and at 29 C for 1 year were 0.09, 3.56, and 6.58 mg W g FW, respectively. The fructose level, which was contained at the similar level as glucose in tubers, also correlates with the acrylamide level after cooking. But it is uncertain from our results which sugars had large roles in the acrylamide formation. In potato chips the acrylamide level did not depend on the levels of total amino acids or asparagine but reducing sugars in the raw potato. Stadler et al. described now pyrolyzing any of asparagine, glutamine, methionine, or cysteine with an equimolar amount of fructose, galactose, lactose, or sucrose all led to a signiˆcant release of acrylamide, with comparable yields from each sugar. 6) However, the contribution to acrylamide formation in practical condition would diŠer with the diŠerent kinds of sugars, since the rate of the Maillard reaction signiˆcantly depends on the kinds of sugars.
The storage at 2 or 209 C used in this study is at the extremes for the practical storage of tubers for chips. Generally, the tubers for processing to potato chips on the market aren't stored at low temperatures. Tubers exposed to low temperature accelerate in starch conversion to reducing sugars, which gives dark-colored potato chips. Actually, the color of chips made from potatoes stored at 29 C were extremely dark brown (Fig. 3) , and the value of L* (lightness) was ca. 40, which is absolutely unacceptable to the consumer. Therefore, the storage temperature of tubers is the primary factor to prevent deterioration of chips and the tubers for chips are generally stored in the range of 8 to 129 C. To avoid storage of tubers at low temperature is not only essential to make good quality chips but also eŠective to lower the formation of acrylamide in potato chips.
